Lemon verbena (Aloysia citriodora Palau) is indigenous to South America and was introduced into Europe. It is cultivated mainly due to the lemon-like aroma emitted from its leaves, which are utilized for the preparation of herbal tea reputed to have antispasmodic, antipyretic, sedative and digestive properties. In this work we introduce the enantiomeric distribution of sabinene and limonene by bidimensional gas chromatography (chiral GC-GC) as a genuine quantitative parameter in order to improve the knowledge so far available on A. citriodora oil. Multivariate analysis afforded information on the similarities and differences of wild and cultivated A. citriodora populations during different seasons in the same environmental conditions. The results indicated that it was possible to discard the environmental and seasonal effect on the chemical composition of A. citriodora for wild and cultivated materials belonging to the same genetic origin.
The chemical composition of the essential oil from the leaves of A. citriodora has been studied and reviewed [1, 8] and the results clearly indicate that this species shows a rich genetic diversity, enabling it to synthesize a variety of essential oil constituents in plants grown in different parts of the world [8, 9] . However, the composition of the essential oil obtained from the same plant stock has been reported to remain constant under the same environmental conditions [10] . In consequence, for finding the best harvesting time to obtain more quantity and better quality of the oil, the objective of the current study was to evaluate, at different development stages, the essential oils obtained from wild and cultivated populations of A. citriodora.
In this work we report the enantiomeric distribution of sabinene and limonene by bidimensional gas chromatography (GC-GC chiral) as a genuine quantitative parameter in order to improve the knowledge so far available on A. citriodora oil.
The plant materials were studied by means of their essential oil production and composition. The study was carried out over a two year period. Values were not significantly different for the two years of sampling, and so the values here presented represent an average of the two years determinations for each season considered. The yields and physical constants of the essential oils obtained Table 2 .
NPC Natural Product Communications
The essential oils from the wild population were mainly composed of sabinene (5.7-15.1%), limonene (21.7-37.7%), neral (11.2-12.1%), geranial (14.8-17 .5%), and -caryophyllene (2.3-4.2%). Similarly, the main components of the oil obtained from the cultivated material (I cult) was constituted of the same major compounds, but with differences in the grouped compounds ( Figure 1 ).
However, examination of the quantitative information on individual constituents summarized in Table 2 was not enough to evaluate the similarities and differences between the oils. Differences among individual components provided less useful information, mainly because there is often a wide variation in the volatile fraction composition from different samples of the same oils. Since multivariate analysis involves variability of either several or all of the components, it seems less affected by such variation. Thus, the statistical elaboration of the data obtained was performed using all the samples analyzed. The results are illustrated in Figure 2 . Samples were grouped into two clusters, A and B, based on their essential oil components ( Table 2 ).
The dendrogram showed the greatest similarity in the compositions of the essential oils from the wild population as a result of seasonal variations. Oils from cultivated Identities confirmed by comparing mass spectra and retention time with those of authentic standards supplied by: A, Aldrich (Milwaukee, WI) and B, Extrasynthese (Genay Cedex).
d Identity tentatively assigned by comparing mass spectra with those obtained from the literature [11, 12] . A. citriodora showed similar components to those of the wild population, but the relationship of grouped compound concentrations was completely different (Figure 1 ).
The chemical variability of the oils has been discussed so far as regards the geographical origin of A. citriodora [13] , but the compositions of the essential oils from aromatic plants are also related to their developmental stage. Previous works reported the presence of the same main components (limonene, neral, geranial) found in this work, but with significant differences in their compositions [14, 15] , indicating a potential controversy with the results here presented.
In this context, seasonal and maturity variations are factors interlinked with each other, because the specific ontogenic growth stage will differ as the season progresses, depending on the plant genetic information [16, 17] . In particular, chiral flavor and fragrance components in The order of elution of the different compounds and their enantiomers from the chiral column was as indicated in the table. natural products are generally characterized by a specific distribution of enantiomers; in other words, the compounds are not always present as pure enantiomers, but rather with a specific enantiomeric ratio, which may differ according to variety and environmental conditions [18] .
In this section, the parameter selected for evaluation of the seasonal variability of A. citriodora essential oils was the enantiomeric distribution of selected monoterpenes (sabinene, limonene) present in all oil samples.
The results shown in Table 3 indicate that, during the different harvesting periods, there were only minor variations in the enantiomeric composition of the chiral terpenes studied between the samples examined, representing the entire population (wild and cultivated materials) of A. citriodora,.
In summary, on the basis of this information, and according to the evaluation of the species behavior in response to seasonal factors in different collections over the year, we observed that we could discard the environmental and seasonal effect on the chemical composition of A. citriodora for wild and cultivated materials with the same genetic origin. In addition, characterization of the oil compounds revealed chemical markers which can assist in defining the quality of a typical Argentine lemon verbena. To compare the influence of the ecological ambient conditions on the chemical composition of the oils, selected plants from the San Lorenzo population were planted in controlled conditions in an experimental field located in the neighborhood of the campus of the UNNE. The oil was extracted and identified as I cult (corresponding to autumn essential oil). The oils were obtained by hydrodistillation with a Clevenger-type apparatus immediately after the collection of the plant material (about 200 g). The isolation procedure was continued until the material was exhausted. The oils were dried with anhydrous sodium sulfate and kept in a sealed flask at -12°C until analysis.
GC and GC/MS analysis:
The composition of the oils was carried out by GC and GC-MS as previously described [19] .
Identification and quantification:
The components of the oils were identified by comparison of their Linear Retention Indices (LRIs) on two columns, determined in relation to a homologous series of n-alkanes (C 8 to C 20 ), with those of either pure standards or those reported in the literature [11, 12] . Comparison of fragmentation patterns in the MS with those stored on the GC-MS database and elsewhere published [11, 20] was also performed.
Chiral analysis:
Enantiomeric ratios of sabinene and limonene were obtained by multidimensional gas chromatography, using a bidimensional chiral gas chromatography system (Shimadzu, Japan) set up with 2 GC ovens according to the experimental conditions previously described [21] . The sabinene and limonene enantiomers were assigned by injection of enantiomeric pure standards provided by Sigma-Aldrich (Sigma-Aldrich Corp., St. Louis, USA).
Chemical variability: Multivariate analysis was performed using the software Statistica 7.1 (StatSoft, Tulsa -USA, 1984-2005).
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